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GHVFULSWLRQWKLVSDSHUDOVRHODERUDWHVRQSRVVLEOHXVHVRIWKHGDWDEDVHDQGSURSRVHVDWHVWLQJSURWRFRO$EDVHOLQH+DDU&DVFDGH
0HWKRG IRU IDFH UHFRJQLWLRQDOJRULWKPZDV WHVWHG IROORZLQJ WKHSURSRVHGSURWRFROEDVHGRQ1HXUDO1HWZRUN&ODVVLILHU2WKHU
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
$VRQHRI WKHPRVW VXFFHVVIXO DSSOLFDWLRQVRI LPDJHDQDO\VLVDQGXQGHUVWDQGLQJ IDFH UHFRJQLWLRQKDV UHFHQWO\
UHFHLYHGVLJQLILFDQWDWWHQWLRQHVSHFLDOO\GXULQJWKHSDVWVHYHUDO\HDUV$WOHDVW WZRUHDVRQVDFFRXQW IRUWKLV WUHQG
WKH ILUVW LV WKHZLGH UDQJHRI FRPPHUFLDO DQG ODZHQIRUFHPHQW DSSOLFDWLRQV DQG WKH VHFRQG LV WKH DYDLODELOLW\ RI
IHDVLEOHWHFKQRORJLHVDIWHU\HDUVRIUHVHDUFK>@
$IWHUDGHFDGHKDYHEHHQWKURXJK9LRODDQG-RQHV>@KDVPDGHIDFHGHWHFWLRQSUDFWLFDOO\IHDVLEOHLQUHDOZRUOG
DSSOLFDWLRQV VXFKDVGLJLWDO FDPHUDVDQGSKRWRRUJDQL]DWLRQ VRIWZDUH ,Q WKLV UHSRUWZHSUHVHQWD VHFXULW\ V\VWHP
EDVHGRQ1HXUDO1HWZRUN&ODVVLILHU0RUHDWWHQWLRQZLOOEHJLYHQ WR+DDU&DVFDGHEDVHGIDFHGHWHFWLRQVFKHPHV
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DUH NHSW JURZ IRU WKH ODVW GHFDGH (DFK UHVHDFUKHU DUH NHHS SXUVXLW WR ILQG WKH LGHDO DOJRULWKP RI WKH UREXVW
UHFRJQLWLRQDQGGHWHFWLRQRIYLGHRV\VWHP+RZHYHUPRVWRIWKHV\VWHPMXVWDEOHWRUHFRUGWKHVFHQDULRRIWKHHYHQW
LQFHUWDLQORFDWLRQ>@ZLWKRXWIXUWKHUDQDO\VLV
7KHUH DUH D ORW UHVHDUFKHV KDYH EHHQ GRQH WR GHWHFW WKH PRYHPHQW RI WKH REMHFW LQ WKH FRQVLFXWLYH IUDPH
+RZHYHUWKHREMHFWLYHRQO\WRGHWHFWWKHPRWLRQRIWKHREMHFWLQWKHIUDPHLPDJH0RVWRIWKHFDPHUDFDQGHWHFWWKH
PRYHPHQWRIWKHREMHFWKRZHYHULWVWLOOGLIILFXOWWRFODVVLI\HLWKHUWKHREMHFWLVXQOLYLQJREMHFWKXPDQRUDQLPDO>@
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PRWLYDWHV PDQ\ RI WKH UHFHQW DGYDQFHV LQ IDFH GHWHFWLRQ 6ROXWLRQV WR WZR NH\ LVVXHV IRU IDFH GHWHFWLRQ ZKDW
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IHDWXUHVWRH[WUDFWDQGZKLFKOHDUQLQJDOJRULWKPWRDSSO\ZLOOEHEULHILQ6HFWLRQIHDWXUHH[WUDFWLRQ6HFWLRQ
VWDQGIRU5HVXOWDQG'LVFXVVLRQ&RQFOXVLRQVDQGIXWXUHZRUNDUHJLYHQLQ6HFWLRQ



0HWKRG

7KH FRPSOHWH EORFNGLDJUDP UHSUHVHQWDWLRQRI WKHSURSRVHG V\VWHP LV DV VKRZQ LQ)LJXUH$IWHU LQSXWWLQJ D
IDFLDO LPDJH D +DDU &DVFDGH EDVHG DOJRULWKP LV DSSOLHG WR GHWHFW WKH LQIDQW IDFH LQ WKH LPDJH >@  7KH IDFH
LPDJHVXVHGLQWKLVZRUNKDYHEHHQSURYLGHGE\WKH&RPSXWHU9LVLRQ/DERUDWRU\8QLYHUVLW\RI/MXEOMDQD6ORYHQLD
>@ZLWKGLIIHUHQWLOOXPLQDWLRQOHYHOV7KHIHDWXUHH[WUDFWLRQRIWKHH\HVDQGPRXWKRIWKHLPDJHDUHFURSSHGIURP
WKHIDFH7KHFRQGLWLRQVRI WKH LQIDQWZHUHGHWHUPLQHGEDVHGRQ0HDQ9DULDQFH6NHZQHVVDQG.XUWRVLV$OO WKH
FRGHVDUHZULWWHQLQ0$7/$%VRIWZDUH
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)LJXUH$XWRPDWLF6XUYHLOODQFH6\VWHP%ORFNGLDJUDP


)DFH'HWHFWLRQ
$WWHQWLRQFDVFDGH LVDFULWLFDOFRPSRQHQW LQ WKH9LROD-RQHVGHWHFWRU7KHNH\ LQVLJKW LV WKDWVPDOOHUDQG WKXV
PRUHHIILFLHQWERRVWHGFODVVLILHUVFDQEHEXLOWZKLFKUHMHFWPRVWRIWKHQHJDWLYHVXEZLQGRZVZKLOHNHHSLQJDOPRVW
DOOWKHSRVLWLYHH[DPSOHV&RQVHTXHQWO\PDMRULW\RIWKHVXEZLQGRZVZLOOEHUHMHFWHGLQHDUO\VWDJHVRIWKHGHWHFWRU
PDNLQJWKHGHWHFWLRQSURFHVVH[WUHPHO\HIILFLHQW>@
7KH FDVFDGH VWUXFWXUH DOVR KDV DQ LPSDFW RQ WKH WUDLQLQJ SURFHVV )DFH GHWHFWLRQ LV D UDUH HYHQW GHWHFWLRQ WDVN
&RQVHTXHQWO\ WKHUH DUH XVXDOO\ ELOOLRQV RI QHJDWLYH H[DPSOHV QHHGHG LQ RUGHU WR WUDLQ D KLJK SHUIRUPDQFH IDFH
GHWHFWRU7RKDQGOHWKHKXJHDPRXQWRIQHJDWLYHWUDLQLQJH[DPSOHV9LRODDQG-RQHV>@XVHGDERRWVWUDSSURFHVV
7KDW LV DW HDFK QRGH D WKUHVKROG ZDVPDQXDOO\ FKRVHQ DQG WKH SDUWLDO FODVVLILHU ZDV XVHG WR VFDQ WKH QHJDWLYH
H[DPSOHVHWWRILQGPRUHXQUHMHFWHGQHJDWLYHH[DPSOHVIRUWKHWUDLQLQJRIWKHQH[WQRGH)XUWKHUPRUHHDFKQRGHLV
WUDLQHG LQGHSHQGHQWO\DV LI WKHSUHYLRXVQRGHGRHVQRWH[LVW2QHDUJXPHQWEHKLQG VXFKDSURFHVV LV WR IRUFH WKH
DGGLWLRQRIVRPHQRQOLQHDULW\LQWKHWUDLQLQJSURFHVVZKLFKFRXOGLPSURYHWKHRYHUDOOSHUIRUPDQFH)LJXUHVKRZV
IDFHGHWHFWLRQEDVHGRQ9LROD-RQHVGHWHFWRU
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)LJXUH)DFHGHWHFWLRQ6\VWHP

'0RPHQW,QYDULDQW
$ VLPSOH '0RPHQW DOJRULWKP LV DSSOLHG WR WKH VHJPHQWHG SRUWLRQ DQG WKH UHVSHFWLYHPRPHQW IHDWXUHV DUH
H[WUDFWHG 7KH DERYH SURFHGXUH LV UHSHDWHG WR DOO WKH LPDJH IUDPHV DQG WKH PRPHQW IHDWXUHV DUH H[WUDFWHG DQG
DVVRFLDWHGWRWKHVSHFLILFSKRQHPH$VLPLODUDSSURDFKLVPDGHRQDOOWKHJHVWXUHLPDJHVDQGDIHDWXUHGDWDVHW LV
FUHDWHG ,Q WKH JHVWXUH FODVVLILFDWLRQ VWDJH XVLQJ WKH ' PRPHQW IHDWXUH VHW D 1HXUDO 1HWZRUN DOJRULWKP LV
GHYHORSHG 7HQ VXEMHFWV ZKHUH XVHG LQ WKH H[SHULPHQWDO VWXG\  VXEMHFWV ZHUH WDNHQ UHSUHVHQWLQJ IRU ERWK
FRQGLWLRQV7HQVXFKWULDOVSHUIRUPHGE\HDFKVXEMHFWIRUHDFKJHVWXUH7KXVDGDWDEDVHFRQWDLQLQJRIVDPSOHV
ZDVFUHDWHG
0RPHQWV RI LPDJHV SURYLGH HIILFLHQW ORFDO GHVFULSWRUV DQG KDYH EHHQ XVHG H[WHQVLYHO\ LQ LPDJH DQDO\VLV
DSSOLFDWLRQV 7KH PDLQ DGYDQWDJH RI PRPHQWV LV WKHLU DELOLW\ WR SURYLGH LQYDULDQW PHDVXUHV RI VKDSH 7KH '
PRPHQWRIRUGHUSTRIDGLJLWDOLPDJHI[\RIVL]H0î1LV>@GHILQHGDV
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1HXUDO1HWZRUN&ODVVLILHU
$UWLILFLDO1HXUDO1HWZRUN$11SURYLGHVDOWHUQDWLYHIRUPRIFRPSXWLQJWKDWDWWHPSWVWRPLPLFWKHIXQFWLRQDOLW\
RIWKHEUDLQ>@6LQJOH/D\HU)HHGIRUZDUGQHXUDOQHWZRUNVKDYHEHHQWKHVXEMHFWRILQWHQVLYHUHVHDUFKHIIRUWVLQ
UHFHQW\HDUVEHFDXVHRI WKHLU LQWHUHVWLQJ OHDUQLQJDQGJHQHUDOL]DWLRQSURSHUWLHV7KHEDFNSURSDJDWLRQPHWKRG LVD
OHDUQLQJSURFHGXUHIRUIHHGIRUZDUGQHXUDOQHWZRUNV,QWKLVSDSHUDVLPSOHQHXUDOQHWZRUNPRGHOLVGHYHORSHGIRU
WKHFODVVLILFDWLRQRIIDFHGHWHFWLRQ$WKUHHOD\HUQHXUDOQHWZRUNZLWKLQSXWQHXURQVUHSUHVHQWV'0RPHQWLQWKH
ILUVW OD\HU 2WKHU  KLGGHQ OD\HU FRQVLVW  KLGGHQ LQ VHFRQG OD\HU DQG ILQDOO\ RXWSXW LQ RXWSXW OD\HU DUH
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FRQVLGHUHG7KHKLGGHQQHXURQVKDYHDELDVYDOXHRIDQGWKHRXWSXWDQGKLGGHQQHXURQVDUHDFWLYDWHGE\ELSRODU
VLJPRLGDODFWLYDWLRQ IXQFWLRQVDPSOHVDUH UDQGRPO\FKRVHQIURPWKHGDWDEDVHDQGXVHGDV WUDLQLQJSDWWHUQV
DQGWHVWHGZLWKVDPSOHV)LYHWULDOVZHUHSHUIRUPHG7KHOHDUQLQJUDWHHSRFKDQGPRPHQWXPIDFWRUDUHFKRVHQ
DVDQGUHVSHFWLYHO\

5HVXOWDQG'LVFXVVLRQ
7KHSURSRVHGDOJRULWKPZDVHYDOXDWHGRQDVXEMHFWVZLWKGLIIHUHQWUDFHJHQGHUDQGDJH7KHDYHUDJHVL]HRI
HDFKLPDJHLVSL[HOV7KHHQWLUHVXEMHFWVZHUHWHVWHGIRUWHQWULDOV7HQLPDJHVZHUHWDNHQIRUHDFKVXEMHFW
$YHUDJHDFFXUDF\IRUDOOVXEMHFWVZDVVKRZQLQ)LJXUH
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)LJXUH$FFXUDF\YHUVXVGLIIHUHQW7HVW7ULDO

7KHFRQILGHQFHYDOXHVIRUWKHUHFRJQLWLRQRIDSHUVRQLVFDOFXODWHGXVLQJWKH(XFOLGHDQGLVWDQFHEHWZHHQWKH+DDU
&DVFDGH0HWKRGSURMHFWHGYDOXHVRIWKHWHVWLPDJHDQG+DDU&DVFDGH0HWKRGSURMHFWHGYDOXHVRIWKHWUDLQGDWDEDVH
7KLV YDOXH GHWHUPLQHV ZKHWKHU UHFRJQLWLRQ RI D IDFH LPDJH XVLQJ WKLV PHWKRG LV GHSHQGDEOH RU QRW :KHQ WKH
FRQILGHQFHYDOXHLVORZUHFRJQLWLRQLVQRWGHSHQGDEOH7KHFRQILGHQFHYDOXHREWDLQHGIRUGLIIHUHQWWHVWLPDJHVDUH
LQ)LJXUH

&RQFOXVLRQ
7KHSURSRVHGVHFXULW\V\VWHPEDVHGRQ1HXUDO1HWZRUN&ODVVLILHUORFDOL]HVWKHIDFHIURPWKHJLYHQLQSXWLPDJH
XVLQJ WKH+DDU&DVFDGH0HWKRGPHWKRGZKHUHHPSOR\HG7KHGHWHFWHG IDFH LPDJH LVSURMHFWHGXVLQJ(LJHQ IDFH
DQDO\VLVDQGFODVVLILHGXVLQJWKH1HXUDO1HWZRUNFODVVLILHU7KLVDOJRULWKPLVHIILFLHQWDVLWFDQEHLQWHJUDWHGZLWK
WKHRXWSXWIURPPXOWLPRGDOVHQVRUVDQGWKXVFDQEHXVHGDVSDUWRIPXOWLVHQVRUGDWDIXVLRQ
$FNQRZOHGJHPHQWV
7KLV UHVHDUFK FRQGXFWHG XQGHU )XQGDPHQWDO 5HVHDUFK *UDQW 6FKHPH )5*6 ZKLFK FRQWULEXWHG E\0LQLVWU\ RI
+LJKHU(GXFDWLRQ0DOD\VLD
$YHUDJH$FFXUDF\9V7HVW7ULDO










         
1HXUDO1HWZRUN7HVW7ULDO
$
YH
UD
JH
$
FF
XU
DF
\


6HULHV
1805 A.K. Junoh et al. /  Procedia Engineering  38 ( 2012 )  1801 – 1805 
5HIHUHQFH
:=KDR5&KHOODSSD3-3KLOOLSVDQG$5RVHQIHOG³)DFH5HFRJQLWLRQ$/LWHUDWXUH6XUYH\´$&0&RPSXWLQJ6XUYH\V9RO1R
'HFHPEHUSS±
39LRODDQG0-RQHV³5DSLGREMHFWGHWHFWLRQXVLQJDERRVWHGFDVFDGHRIVLPSOHIHDWXUHV´,Q3URFRI&935
0+<DQJ'-.ULHJPDQDQG1$KXMD'HWHFWLQJIDFHVLQLPDJHV$VXUYH\,(((7UDQVRQ3$0,±
7&5REHUW-/$ODQDQG.7DNHR³,QWURGXFWLRQWRWKH6SHFLDO(GLWLRQRQ9LGHR6XUYHLOODQFH´3URFHHGLQJVRIWKH,(((7UDQVDFWLRQVRQ
3DWWHUQ$QDO\VLVDQG0DFKLQH,QWHOOLJHQFH9ROXPH1RSS$XJXVW
1'DODODQG%7ULJJV³+LVWRJUDPVRIRULHQWHGJUDGLHQWVIRUKXPDQ'HWHFWLRQ´3URFHHGLQJVRIWKH&RQIHUHQFHRQ&RPSXWHU9LVLRQDQG
3DWWHUQ5HFRJQLWLRQ6DQ'LHJR&DOLIRUQLD86$SS±
&%LVKRSDQG39LROD/HDUQLQJDQGYLVLRQ'LVFULPLQDWLYHPHWKRGV,Q,&&9&RXUVHRQ/HDUQLQJDQG9LVLRQ

0-RQHVDQG39LROD)DVWPXOWLYLHZIDFHGHWHFWLRQ7HFKQLFDOUHSRUW0LWVXELVKL(OHFWULF5HVHDUFK/DERUDWRULHV75
39LRODDQG0-RQHV)DVWDQGUREXVWFODVVLILFDWLRQXVLQJDV\PPHWULF$GD%RRVWDQGDGHWHFWRUFDVFDGH,Q3URF2I1,36
3HWHU3HHU&9/)DFH'DWDEDVHKWWSZZZOUYIULXQLOMVLIDFHGEKWPO
 )UDQF 6ROLQD 3HWHU 3HHU %RUXW %DWDJHOM 6DPR -XYDQ -XUH .RYDþ &RORUEDVHG IDFH GHWHFWLRQ LQ WKH 
 VHFRQGV RI IDPH
 DUW
LQVWDOODWLRQ ,Q0LUDJH&RQIHUHQFHRQ&RPSXWHU9LVLRQ &RPSXWHU*UDSKLFV&ROODERUDWLRQ IRU0RGHOEDVHG ,PDJLQJ5HQGHULQJ
LPDJH$QDO\VLV DQG*UDSKLFDO VSHFLDO(IIHFWV0DUFK ,15,$5RFTXHQFRXUW)UDQFH:LOIULHG3KLOLSV5RFTXHQFRXUW ,15,$
SS
 0DQVRU 01 <DDFRE 6 1DJDUDMDQ 5 0XWKXVDP\ + ³&RPD 3DWLHQWV ([SUHVVLRQ $QDO\VLV XQGHU 'LIIHUHQW /LJKWLQJ XVLQJ 1HXUDO
1HWZRUNDQG/'$´,QWHUQDWLRQDO-RXUQDORI6LJQDODQG,PDJH3URFHVVLQJ,-6,39RO1RSS+\SHU6FLHQFHV
+XV5/0RWWDOHE0$ -DLQ$.)DFHGHWHFWLRQ LQFRORU LPDJHV ,(((7UDQV3DWWHUQ$QDO\VLVDQG0DFKLQH ,QWHOO±













